Meeting January 41961
Discussion on Non-penetrating Injuries of the Chest and Abdomen [Abridged] Mr H R S Harley (Cardiff) The Causes of Respiratory Failure in Closed Crush Injuries of the Chest and Upper Abdomen Respiratory failure is important after these injuries and is a principal cause of death. Because the upper abdomen lies within the thoracic cage its contents are often damaged, and for this reason I have chosen the term 'crush injuries' of the chest and upper abdomen. Arnott (1960) defines respiratory failure as 'that condition in which the amount of oxygen and carbon dioxide in the blood-stream is altered by an abnormality of the respiratory system'. Respiratory insufficiency will be used in the same sense. The Ciba Guest Symposium (1959) gives the upper limit of Pa as 47 mm Hg, and the co lower limit of Pa as 75 mm Hg and of oxygen 02 saturation as 93 %, but these limits may be too rigid for elderly patients., Respiratory failure may arise from an upset 6f ventilation, of diffusion or of distribution of gas and blood to the alveoli, e.g. the ventilation of imperfectly perfused alveoli, which increases the dead space effect, or the perfusion of imperfectly ventilated alveoli, which may cause hypoxwmia by creating a pulmonary arteriovenous shuntthe venous admixture effect. Inadequate alveolar ventilation results in asphyxia, whereas deficient diffusion and deficient ventilation of well-perfused alveoli cause hypoximia, with only slightly raised, normal or low carbon dioxide tensions in the arterial blood. Injuries of the chest may occasion any or all of these upsets, and if respiratory insufficiency is present then its treatment must take precedence over all other conditions except massive hemorrhage.
The following classification of respiratory failure following injury is recommended: 1. Respiratory failure due to impaired ventilation: Ventilation failure: (a) central. (b) peripheral. II. Respiratory failure due to impaired diffusion: Diffusion failure. III. Respiratory failure due to ventilationperfusion inequality: Gas-blood distribution failure, or, more simply, distribution failure. I. Ventilation Failure Many factors conspire to cause ventilation failure after severe injuries of the chest and these may be conveniently classified into central and peripheral. (A) CENTRAL VENTILATION FAILURE This results from depression of the respiratory centre by alcohol, damage to the brain, sedatives, especially morphine, anesthetics, or the development of circulatory failure. As Donald (1960) pointed out, central failure is easily overlooked for it causes weak respiratory movements without dyspn(ea, which contrast with the powerful dyspnoea of frustrated respiration associated with peripheral failure.
(B) PERIPHERAL VENTILATION FAILURE
A number of conditions may combine to cause peripheral ventilation failure. The following are important:
Peripheral Ventilation Failure due to Deficient Movement ofthe Chest Wall (1) Paradoxical chest wall movement: Proctor & London (1955) define paradoxical respiration as 'movement of the chest wall in a reverse direction from normal'. During inspiration the floating segment is sucked inwards and during expiration it is pushed outwards. Total ventilation is greatly reduced, as in an open pneumothorax. Furthermore the respiratory variations of pressure are greatlrreduced in the paradoxical region so that gas is aspirated from it to the non-paradoxical areas during inspiration, the reverse occurring during expiration. This greatly increases dead space ventilation and further reduces alveolar ventilation in the non-paradoxical regions. Paradox also prevents effective coughing, and, by reducing or abolishing the negative pressure developed in the chest during inspiration, embarrasses diastolic filling and minute output of the heart, and so promotes circulatory failure.
Severe paradox must be corrected forthwith by methods which permit maximum ventilation while correcting deformity. The more a patient hyperventilates the worse becomes his paradox and his ventilatory failure. A vicious cycle is created. It is common for slight paradox later to become severe when other factors increase the ventilatory efforts.
(2) Pain: Pain produces ventilatory failure by preventing deep breathing and causing reflex, rapid, shallow breathing. The nearer dead space volume approaches tidal volume the less efficient is alveolar ventilation, which is the product of respiratory frequency and the difference betweern 32. the tidal and dead space volumes. Rapid, shallow breathing thus leads to alveolar hypoventilation. Pain must be relieved, but without drugs which depress the respiratory centre or strapping which restricts ventilation. Pain also renders coughing ineffective.
(3) High paretic diaphragm: After crush injuries of the chest the diaphragm takes up a mid-position, loses much of its mobility and, on an inspiratory X-ray film, appears to be elevated. This is probably reflex in origin due to pain.
Peripheral Ventilation Failure due to Pulmonary Tamponade This term includes all conditions which reduce the capacity of the pleural space, so causing pulmonary compression collapse and impairing alveolar ventilation. These conditions include pneumothorax, hlemothorax, gastrointestinal ileus and diaphragmatic hernia. Barrett (1960) gives useful advice on the diagnosis of traumatic pneumothorax and hiemothorax.
Gastrointestinal ileus and diaphragmatic hernia are often overlooked. These (Barrett 1960 , Virshup 1960 , together with damage to the liver and spleen, are important complications, and this is why the term 'crush injuries' of the chest and upper abdomen is considered to be appropriate. Gastric and intestinal ileus may seriously embarrass respiration, and their development should always be anticipated. Herniation of abdominal contents through a ruptured diaphragm, usually on the left side, may result in alarming or fatal asphyxia.
Peripheral Ventilation Failure due to Airway Obstruction Airway obstruction is an important cause of ventilatory deficiency after chest injuries. Its many causes include blood derived from intra-alveolar hemorrhage, pulmonary cedema transudate, the secretions of bronchial mucous glands, inhaled vomit or other foreign material such as blood, and reflex bronchial spasm. It is especially likely to occur when head injury has rendered the patient unconscious, has depressed his respiratory centre, or has resulted in 'neurogenic' pulmonary oedema.
Traumatic pneumonopathy: In order to appreciate fully the importance and significance of airway obstruction one must understand the reactions Ihat may occur in the lung and bronchial tree as the result of trauma. Much has been written about traumatic 'wet lung' (Burford & Burbank 1945 , Harper & Tait 1946 , Brewer et al. 1946 , Daniel & Cate 1948 , Griffiths 1960 ) and pulmonary cedema (Barrett 1960 ,Visscher etal. 1956 ). Traumatic pneumonopathy is a better name, for it represents a complex reaction to injury characterized by several widely different pathological processes. Daniel & Cate (1948) showed that injury of the chest wall of dogs resulted in alveolar rupture, with extravasation of blood into the air spaces, comparable to that of experimental blast injuries in water (Clark & Ward 1943) or in air (Hooker 1924 , Zuckerman 1940 , Williams 1942 ). This occurred chiefly in relation to the chest wall injury, and in severe cases in the posterior part of the opposite lung also. Macroscopic hcmorrhagic consolidation varied from slight to a change resembling the consistency of liver. In addition to this there was widespread patchy interstitial and alveolar cedema of both lungs, which became diffuse if sodium chloride was infused. Similar widespread oedema could be induced by infusing hypoxic dogs, but hypoxia alone did not cause it. The blood and cedema fluid enter the alveoli and small bronchi producing areas of lobular collapse and alveolar hypoxia which may spread and become confluent. Similar changes were reported in human lungs after fatal accidents by Griffiths (1960) , and have also been observed by the writer.
Daniel & Cate (1948) attribute cedema in the haemorrhagic areas to irritation of the lung tissue by blood (Harper & Tait 1946 , Pattle 1956 ) combined with the effects of hypoxia (Landis 1928 , Drinker & Warren 1943 , Drinker 1945 ), but they thought that cedema elsewhere was caused by nervous reflexes from the chest wall mediated by the vagus. Visscher et al. (1956) in an exhaustive study showed that the immediate determinants of pulmonary cedema are the hydrostatic pressure gradient and the colloid concentration gradient across the capillary wall, the filtration area and the colloid permeability of the capillary wall, and the hydrostatic pressure in the draining lymphatic vessels. Many remote mechanisms may alter one or more of these determinants. Thus irritation of the medullary centres by injecting fibrin into the cisterna magna (Cameron & De 1949) causes generalized systemic vasoconstriction, systemic hypertension, and redistribution of blood to the pulmonary circulation. This both increases the filtration area of the lung capillaries, and causes the left ventricle to raise its diastolic pressure in order to expel its contents, with consequent elevations of pulmonary venous and capillary pressures of up to 70 mm Hg (Sarnoff & Sarnoff 1952) . Raised intracranial pressure probably elevates the pulmonary capillary pressure by producing vagal bradycardia (Campbell et al. 1949 , Visscher et al. 1956 ). Inspiratory and expiratory resistance cause acute pulmonary oedema experimentally by raising the pulmonary capillary pressure (Landis 1928 , Luisada 1946 , Reichsman 1946 , Zinberg et al. 1948 , Haddy et al. 1950 , and dyspnoea may also be a factor (Drinker 1945) .
Upsets to the vagus may act by increasing airway resistance (Lorber 1939b , Reichsman 1946 , Visscher et al. 1956 ) due to bronchospasm, bronchorrheea, and altered mechanics of breathing, or by altering the permeability of the lung capillaries (Schiff 1894 , Faber 1937 . Hemodynamic redistribution of blood and respiratory obstruction have both been incriminated as the chief cause of acute pulmonary cedema after experimental bilateral vagotomy. That these are not the only causes is indicated by the fact that bilateral vagotomy can cause acute pulmonary cedema despite tracheotomy (Schiff 1894 , Lorber 1939a ) to eliminate laryngeal obstruction, intermittent positive pressure respiration at normal depth and rate to avoid abnormal respiratory rhythms, and section of the cervical cord at C7 to cut off all sympathetic connexions between the brain and the circulatory system (Borison & Kovacs 1959) . Furthermore, lesions of the vagal nuclei can produce acute pulmonary cedema in animals without causing any change in the rate or depth of breathing (Borison & Kovacs 1959) , while sufferers from bulbar poliomyelitis who die with pulmonary cedema invariably have damaged vagal nuclei (Baker 1957) . Vagal reflexes from the damaged chest wall may, therefore, play a part in promoting pulmonary cedema.
Hypervolaemia induced by intravenous infusions of blood or saline produces pulmonary cedema in the experimental animal by increasing the pulmonary blood volume and causing relative left ventricular failure, so raising the pulmonary capillary pressure (Altschule & Gilligan 1938 , Opdyke et al. 1948 , Doyle et al. 1951 , Haddy et al. 1950 ). This effect is accentuated by hypoxia (Drinker 1945 , Daniel & Cate 1948 , Courtice & Korner 1952 . Drinker (1945) considered that hypoxia acts by increasing the permeability of the lung capillaries, but the work of Visscher et al. (1956) indicates that it does so by producing heart failure. The only factors which have been proved to increase capillary permeability are certain poisons such as phosgene and thiourea derivatives. Many of the above factors could act in producing pulmonary oedema after injury, and in addition the injury itself might play its part. Severe and sudden compression of the chest might injure the left ventricle, and cause it to fail. Bruising of its walls is sometimes seen at autopsy. Alternatively the abrupt rise of pressure, especially if the glottis be closed, might inflict generalized microscopic damage upon the pulmonary capillaries, perhaps aggravated by histamine release, causing them to dilate and to become permeable to protein, with resulting cedema. Since gross macroscopic damage to the lungs, major bronchi and trachea may result from crushing injuries, even without rib fractures, this suggestion seems reasonable.
Thus many factors, neurogenic, hemodynamic, chemical and mechanical, may combine to cause generalized cedema of the lungs after injuries to the chest. These must be eliminated as quickly as possible for the condition may arise with alarming rapidity.
In addition to haemorrhage and cedema fluid, excessive bronchial secretion and bronchoconstriction, consequent upon vagal reflexes (De Takats et al. 1939 , De Takats et al. 1942 , may be excited by the chest wall injury so increasing the amount of fluid in the lungs and narrowing the respiratory passages. De Takats et al. (1942) demonstrated bronchospasm by bronchography in dogs after blunt injuries of the chest wall, even when ribs were not fractured.
Another important factor concerned in airway obstruction is inability to cough effectively. This may be due to pain, to paradox, which prevents effective expulsive effort, or to depression of the respiratory centre by any of the mechanisms previously mentioned.
It is often assumed that the only cause of traumatic 'wet lung' is ineffective coughing, but the evidence indicates that certainly two, and probably three, factors are at work. These are excessive production of liquid (intra-alveolar hwemorrhage, pulmonary cedema transudate and reflex bronchorrhcea), inability to remove this excess, because of inadequate cough, and probably also narrowing of the bronchi by reflex spasm. It is this complex combination of conditions which constitutes traumatic pneumonopathy.
Traumatic pneumonopathy causes ventilation failure not only by obstructing the airways, but also by stiffening the lungs, which increases ventilatory effort and paradox, and by creating rapid shallow breathing, which impairs alveolar ventilation. It also leads to diffusion and distribution failure (vide infra).
Traumatic pneumonopathy is often complicated by infection for several reasons: (i) Pulmonary cedema fluid is rich in protein and is absorbed only slowly by the lymphatics (Courtice & Phipps 1946) . Harford & Hara (1950) and Gough (1953) suggest that cedema fluid forms an excellent culture medium for bacteria, as well as mechanically dispersing infection and delaying the appearance of phagocytes. Blood acts similarly. (ii) Secretions stagnate because the patient cannot evacuate them. (iii) The patient is often impoverished by multiple injuries. (iv) A tracheostomy tube and bronchial aspirations introduce infection into the bronchial tree. Obstruction of larger bronchi is the chief cause of absorption collapse of a segment, a lobe or a lung after injuries of the chest.
II. Diffusion Failure
The chief cause of defective diffusion of gas across the alveolo-capillary membrane is traumatic pneumonopathy, together with its infective and obstructive complications. Occlusion of bronchi and alveoli by blood, cedema fluid and bronchial secretions, and destruction of lung tissue by the injury reduce the effective area of the alveolocapillary membrane, while interstitial cedema of the lung increases the diffusion distance. Serious impairment of diffusion of oxygen may arise, but that of carbon dioxide is so rapid that it is rarely affected. Intracapillary hindrance to diffusion of oxygen may also increase after injury because of hemorrhage. This may reduce the pulmonary capillary blood volume and also cause hvmodilution, with lowering of the hematocrit reading, so decreasing the amount of heemoglobin available to oxygen. Impaired diffusion requires oxygen-enriched air in its treatment, but care must be taken to correct associated ventilation failure causing hypercarbia.
IIH. Gas-blood Distribution Failure
Inadequate ventilation of well-perfused alveoli, causing hypoxamia, may arise acutely after crush injuries of the chest and upper abdomen in consequence of infra-carinal airway obstruction by any of the mechanisms already described, hxemorrhagic or pneumonic consolidation of the lungs, or pulmonary tamponade. After a relatively short time, e.g. twelve to twenty-four hours, blood tends to be diverted from the underventilated alveoli by constriction of the small pulmonary arteries so that the defect tends to be selfcorrecting. Inadequate perfusion of well-ventilated alveoli increases the dead space effect to cause an overall defect of alveolar ventilation, unless total ventilation is proportionately increased.
Summary
Ventilation, diffusion and distribution of gas and blood to the alveoli may all be seriously impaired by closed crush injuries ofthe chest and upper abdomen, and so lead to fatal progressive respiratory failure. Any embarrassment of respiration, either central or peripheral, must be corrected immediately. A classification of respiratory failure following injury is given, and the condition called traumatic pneumonopathy is defined.
Mr L D Abrams (Birmingham) A patient admitted with a severe chest injury is suffering from a lethal triad: bleeding, drowning and suffocation; each of these factors increases the effect of the others, so all must be treated promptly if the patient is to be given the best chance of survival.
When the injury is limited to the chest it is easy to overlook the effect of bleeding. This is well illustrated by a young man who was admitted with a crush injury, pale, dyspnoeic and with a high diastolic blood pressure. Physical examination suggested he had fractures of his lower ribs on the left side and a pneumothorax. X-ray confirmed the diagnoses, but his breathlessness persisted after the pneumothorax was aspirated. Further examination-revealed a swelling in the left groin, which appeared to be a hematoma from a fractured pelvis. Transfusion of three bottles of blood relieved his breathlessness.
If the injury to the chest is itself sufficiently severe to cause abnormal movement, the patient is likely to have lost a bottle of blood into the muscles, so that this can be regarded as the minimum necessary transfusion in such patients.
Drowning is due to a mixture of secretions and blood in the bronchial tree, which are best removed by direct suction. Suffocation, or mechanical interference with respiration, is caused either by fracture of the chest wall interfering with the respiratory movement or by blood or air in the pleural cavity preventing expansion of the lung. These two factors have an obvious direct effect on each other, both greatly increasing the work the patient has to do in order to breathe; this work, itself, requires an increase in cardiac output which the patient with a diminished blood volume is unable to maintain. It seems logical, therefore, to treat the drowning and suffocation together by intubating the patient, sucking out the bronchial tree, and relieving the patient of the work of breathing altogether by artificial respiration. This produces dramatic improvement in the patient's condition and enables further treatment to be carried out in a more leisurely fashion.
In patients admitted in extremis it would seem best to intubate, artificially respire, and transfuse them even before the chest is X-rayed. Once this has been done further measures for the removal of blood and air from the chest and stabilization of the chest wall can be undertaken.
Mr Ivor Lewis (St Asaph, Flintshire)
Non-penetrating Injuries of the Abdomen It may well be held that the classification of abdominal injuries into penetrating and nonpenetrating is of more interest to the writer of textbooks than to the surgeon, based as it is on an irrelevant featurea wound of the parietes. However, the presence of a wound may be of some help in indicating the viscera likely to be damaged and in most cases will in itself cause urgent surgical aid to be sought. The absence of a wound of the parietes means that only the development of symptoms of visceral injury will bring the case under the surgeon's attention. But although there is little inherent value in this classification it so happens that it has acquired a kind of extrinsic utility from the fact that over half the nonpenetrating injuries of the abdomen to-day have other associated injuriesof the limbs, the thorax, or the spine, and a good number of the patients are unconscious from a head injury. By contrast a penetrating abdominal injury is usually single and circumscribed. No one in peacetime can have anything like the experience of the war surgeons in abdominal injuries, approach their skill in differential diagnosis, or their brilliant results under difficult conditions. Nevertheless, I am going to advocate lines of management for civilian cases which differ in some important respects from the tenets laid down with such clarity by surgeons like Ogilvie and Rob, remembering that they dealt with war injuries, treated under war conditions, and mostly penetrating.
The patient with an abdominal injury complains of abdominal pain. He is shocked, he may be vomiting, and the abdomen is tender and rigid. Rigidity is so important a sign that we should never use the meaningless and non-committal term of 'guarding'. If the symptoms persist he must be regarded as a case of ruptured viscus. It then becomes a question not of whether to operate but how soon to operate. The question of the viscus ruptured is of less importance. In nonpenetrating injuries, where there is no precise indication of the route of the violence, the diagnosis of the viscus injured may be right in perhaps 2 cases out of 3, but it is not possible to say that some other viscus is not injured also. Thus the only sensible decision, whenever it seems likely that a viscus is ruptured, is to look and see, as soon as the patient can be made fit enough. There is one exception to this simple policy, rupture of the kidney, in which the management should be expectant. The late Ruscoe Clarke advocated laparotomy 'on the merest suspicion', but that is probably going too far. In 12 out of his 83 cases no abnormality was found. But if we are to reduce our mortality in these injuries to respectable proportions the price we shall have to pay will be a fair number of negative explorations.
Diagnostic points: The most important measure is the watching of the patient, with careful pulse and blood pressure records, every quarter of an hour, for just long enough for the diagnosis of intraabdominal injury to be made and thereafter to gauge the effect of morphia and of transfusion till the patient is ready for operation. But the blood pressure and even the pulse-rate may be normal. Referred pain is of the greatest value, especially the pain in the supraspinous fossa or summit of the shoulder in ruptured spleen or liver or any other injury impinging on the diaphragm. It must always be asked for. The patient will not volunteer the remark as the overwhelming pain is in the abdomen itself. There may be referred rigidity in chest injuries. There is no certain way to rule out an abdominal injury as well, except by the development of events, or in certain cases by making a small suprapubic incision under local anesthesia.
The bowel sounds: It may be taken as axiomatic that established peritonitis abolishes peristaltic sounds. Thus their absence, confirmed by listening for two or three minutes on repeated occasions, is diagnostic of peritonitis. But peristaltic sounds may persist, though faintly perhaps, with peritoneal heemorrhage and even with escape of urine from a ruptured bladder. 'Shifting dullness' is unkind to the patient and useless to the surgeon.
Two X-ray views may be of the greatest helpof the chest, to exclude pneumothorax or other lung injury, and an upright of the abdomen to show gas under the diaphragm and distribution of gas in the stomach or gut.
Finally, two rubber tubes can be used with great advantage: a stomach tube and a urethral catheter, which can be passed on the operating table so as to have an empty stomach and bladder before operation and to verify that these organs are uninjured.
Pre-operative preparation: An intravenous drip w%ill be set up, morphia given and plasma transfusion started. In some cases two or three hours can be spent in improving the patient's condition and in cross-matching blood. If, in spite of generous resuscitative measures, his condition fails to improve then it is due to sharp continuing internal hemorrhage and the operation should not be further delayed.
The laparotomy: A mid-line or paramedian incision is probably best on account of its easy extensibility. Initially it should be just large enough to admit the hand easily, with its upper end reaching only 2 in. above the umbilicus. Then, according to what is found, the upper end is extended upwards vertically, or obliquely, across the costal margin if liver or diaphram is injured. There must be no hesitation about this extension into the thorax where called for.
An obvious gross lesion will be dealt with at once. The organs should be quickly and systematically inspected, starting at the cwcum and working upwards, placing the small gut into a gauze bag or warm gauze as it is delivered. With the small gut out of the way, one inspects the colon, duodenum, stomach, liver, spleen, pancreas and the diaphragm. A note is also made of any exudate, bloody or watery, around the kidneys or ureters. The surgeon should aim at completing the operation within the hour, although the careful surgeon should not be forced to violate his nature. As for the indecisive dawdler he might bethink himself of an occupation in some quieter backwater than the surgery of ruptured viscera.
In this summary there is no room for discussion of the individual viscera except for a few comments on the liver.
Liver: It has long been taught that in rupture of the liver alone, one should be obstinately conservative. It is not reasonable to make any such rule in the case of the blunt diffuse violence of civilian surgery. First, there is a good chance of some other viscus being ruptured as well. Secondly, it may not be the liver at all, but as the symptoms and signs indicate a laparotomy we shall draw the dividend on the 'look and see' policy. Thirdly, bile peritonitis, even if the heemorrhage has ceased, may kill the patient. The average surgeon is unlikely to see more than a dozen or so ruptured livers in a surgical lifetime and it will therefore not profit him to try and have a different set of rules for the torn liver.
What should one do with the tears? With porta hepatis compression and good suction any large vessels and bile ducts in the depth of the liver should be sutured by criss-cross transfixion with an atraumatic suture of catgut. Much and varied advice has been given on how to suture the torn liver. Actually all that is needed is a large curved eyeless needle with No. 2 catgut and with some deeper tears a still larger curved needle with soft double catgut tied at the end. The sutures can be passed quite deeply and tied individually or in short lengths. With a little practice and reasonable finger sense these sutures can be tied just right if the assistant holds the liver together. Those of us who make a practice of suturing the gall-bladder fossa after cholecystectomy will be adept at this. The inaccessible tears on the posterior surface may have to be packed; but with a really free incision across the costal margin and into the chest most of them can be sutured. Traumatic rupture of diseased organs:-Finally, this interesting possibility merits a word. If one is surprised that an abdominal injury should have been caused by the particular accident described then one should think of a diseased organ having been ruptured. In the tropics large spleens are often ruptured by a slight impact. I have known a boy slip while mounting his bicycle and rupture a hydronephrosis and a woman rupture an ovarian cyst against the corner of an armchair.
Mr Ashton Miller (Bristol)
Closed Injuries of Kidney, Bladder and Posterior Urethra These two injuries commonly occur as isolated results of trauma uncomplicated by injuries elsewhere. They are predominantly injuries of young people.
The Kidney
The mechanism of injury is that a blow in the loin rotates the twelfth rib forwards which squeezes the kidney between itself and the sides of the bodies of the lumbar vertebrae. One-quarter of our patients sustained their injuries playing football and one-quarter in traffic accidents. All degrees of injury have been seen ranging from a minor contusion which produces heematuria to a severe injury involving shock, himaturia and h2emorrhage into the perinephric tissues producing a mass in the loin. One-third of our cases came into the severe category and two-thirds were mild.
I am indebted to my colleague, Mr Norman Slade, for figures from his paper on the late results of renal trauma which is awaiting publication in the British Journal of Surgery. He reviewed 59 cases and found that only in 12 of these 59 were there associated injuries elsewhere, and only in 4 out of the 59 was the injury to the kidney not the main injury. Of these 4, 3 had multiple injuries resulting in rapid death, and the fourth, in addition to a ruptured kidney, had a ruptured spleen.
The diagnosis is usually made by the history of trauma to the kidney region and the occurrence of hematuria shortly afterwards. A mass is sometimes felt in the loin; fracture of overlying ribs is unusual. Bowel sounds are usually present in the abdomen, though ileus may occur some hours later.
Most people are agreed on the management of these cases: bed rest, sedation with morphine and frequent, possibly half-hourly, observation of the pulse-rate and blood pressure. Transfusion of blood is rarely necessary and we have found that keeping urine specimens to observe the increase or decrease of the hmmaturia or alterations of colour of the blood in the urine is of no value. The degree of himaturia and the length of time that it continues are variable and bear no relation to the severity of the injury. Intravenous urography is very useful and should be performed as soon as the patient is fit enough to be moved from his bed to the X-ray department; it should not be done with a portable X-ray machine. It tells us three things; first, the severity of the injury to the affected kidney; secondly, the presence and adequacy of the other kidney; and thirdly, the presence of any pre-existing renal abnormality. We never do a retrograde pyelogram because we feel it may introduce infection and is unnecessary if an intravenous pyelogram can be done. We have found antibiotic cover useful. No less than 7 out of 59 cases spontaneously developed an infection in the urinary tract following injury.
The only indication for surgery is haemorrhage severe enough to endanger life. This is usually of the reactionary type and hence the need for pulse and blood charts. If surgery is decided upon, a blood drip should be set up and the kidney should be explored in the kidney position on the operating table. The first part of the operation consists of opening the peritoneal cavity to exclude injury there and the second of trying to preserve the injured kidney, but in most cases it will be found that exploration is equivalent to nephrectomy. Five out of our 59 cases were taken to the operating theatre. Three of these had nephrectomy, 1 had partial nephrectomy (the injured kidney being solitary) and 1 had splenectomy performed, a ruptured spleen being removed and the associated ruptured kidney being left untouched.
The long-term results are excellent, in the great majority there being no untoward sequel whatever. In these 55 cases followed from three to eight years there is no single case of hypertension. It is notable that in this series there is a high incidence of previously abnormal kidneys, of which hydronephrotic kidneys predominate.
Ruptured Bladder and Posterior Urethra Both these injuries are most commonly complications of a fractured pelvis and we think that they are not distinguishable from one another without operation or exploration, so that for practical purposes we can regard them as the same injury. Diagnosis is made by knowing that the patient has a fractured pelvis and knowing that a ruptured urethra or a ruptured bladder is a possible complication of the fractured pelvis. We then wait and see what happens. We believe that the diagnosis of injury to the urinary tract can be made without urethral instrumentation by catheter and that catheterization should be avoided. Knowing that the patient has a fractured pelvis, we keep him under observation in bed and one of several things must happen. Either he will pass urine spontaneously and if this urine is clear and contains no blood we have no further worries because this indicates that the urinary tract is intact and his further treatment is an orthopedic rather than a urological problem. Secondly, he may be unable to pass urine and may become very distressed with a palpable distended bladder. This means that something has to be done and we know that he must be taken to the theatre. Thirdly, he may pass some blood from the external urinary meatus without being able to pass urine. This again indicates an injury to the urethra and surgery is necessary. Fourthly, he may develop a mass in the suprapubic region which may either be a distended bladder or extravasation of urine combined with hamatoma around the bladder and in the extraperitoneal space within the pelvis. Fifthly, rectal examination may disclose the prostate displaced upwards and replaced by a hiamatoma. Incidentally, an early rectal examination of every patient with a fractured pelvis is essential, not only to elicit this physical sign in the region of the prostate if it is present, but also to feel if the rectum is intact. I had one patient in whom on rectal examination I came up against a sharp fragment of pubic ramus projecting into the cavity ofthe rectum, necessitating a colostomy immediately.
When the patient is taken to the theatre, a suprapubic cystostomy is performed without instrumentation of the urethra. If there is any doubt about a coincident injury of intraperitoneal organs, the peritoneum can be opened at the beginning of this operation and intra-abdominal exploration performed. Otherwise, the bladder is opened and a suprapubic tube inserted. If by any chance that part of the bladder wall covered by peritoneum is involved, then it is better to suture this, but if the anterior part of the bladder wall is involved it is usually in the form of a small split which will heal spontaneously once the bladder is empty and drained. In those rare cases where the bladder and prostate are apparently completely separated from the triangular ligament, the same treatment should be performed and no attempt should be made to draw the bladder down by passing, for example, a Foley catheter per urethram. It will be found that in the two to three weeks after injury, the bladder will be drawn back to a great extent to its normal position and union of the ruptured urethral ends can be achieved in the third week without much difficulty. It is also recommended that some attempt should be made to reduce the bony deformity resulting from the fracture of the pelvis. Much of the difficulty of instrumentation after these injuries is due to this bony deformity and not so much to trauma to the urethral mucosa. Reduction of the fracture is always extremely difficult and may need much force, but anything that can be done to reduce deformity influences greatly the success of aftertreatment of the urethra. This policy of endeavouring to make the diagnosis without catheterization of the urethra has been advocated for the past seven years by my colleague, Mr John Mitchell, and all cases which have been admitted to our hospitals have been treated in this way with extremely satisfactory results. Catheterization is not only unnecessary, but dangerous, because it may cause an infection at the site of the rupture of the urethra and may unwittingly increase the damage in a partial rupture of the posterior urethra. Extravasation of urine is harmless if it is not infected and if it is eventually drained. The first duty of the surgeon when dealing with these injuries is to save life. The definitive treatment of the ruptured urethra can more satisfactorily be left until the third week after the injury when the heematoma is absorbed and the affected tissues are restored much more to normal, so that suturing can be done more easily and instrumentation can be done with impunity. All the lethal complications of a fractured pelvis are due to infection and if this can be avoided we have gone a long way towards making sure that the patient does not die from his injury. This injury is very different from rupture of the kidney which can usually be described almost as trivial, but rupture of the bladder or posterior urethra is never trivialit is always potentially dangerous.
Mr H M Stevenson (Belfast) The two cases described below illustrate some interesting points in the method of production and the treatment of severe and widespread surgical emphysema associated with fractured rib, and the associated lesion in the lung. The first of these patients died, and the lesson we learnt from this case enabled us to operate successfully on the second patient.
Case 1 A painter, aged 53, was admitted to hospital after being knocked down by a car which struck him on the right side. On admission he was found to be recovering rapidly from concussion and to be complaining of pain in the right side where X-rays showed that he had fractured his ribs from the 2nd to the 10th inclusive. The right lung field was dense but the lung was not collapsed; neither (and this is of importance) was there any pneumothorax. Slight surgical emphysema over his right chest was noted at this time but the thoracic cage was normal in contour and there was no falling in of the ribs.
He was treated conservatively, propped up in bed, and at no time during the first few days after his admission was there any serious respiratory distress. During the forty-eight hours after admission the surgical emphysema increased considerably, extending eventually from the top of his head to his scrotum and into his arms and hands. Radiographs at this time were not satisfactory because of the surgical emphysema. They showed progressive falling in of the upper right chest wall. A small amount of fluid appeared to be accumulating in the right hemithorax. The surgical emphysema progressed.
On the sixth day after the accident, his general condition deteriorated rapidly, respirations became laboured, the pulse rate rose steeply, and there was evidence of much retained secretion from his trachecbronchial tree. For the first time, he was unable to cough satisfactorily. In spite of tracheostomy he died.
At post-mortem: (1) The positions of the fractures were confirmed. (2) The 4th rib alone had pierced the parietal pleura and a spicule of it had impaled the lung holding it into the parietal laceration. (3) There were no pleural adhesions to account for the absence of the pneumothorax. (4) Lying deep to the superficial tear in the surface of the lung produced by the spicule of bone there was a liquefying himatoma measuring about 2 x I J in. (5) Both lungs were heavily infiltrated with a bloody effusion which involved the whole of the right lung and the lower lobe on the left side. (6) There was no tear in the tracheobronchial tree.
We think this man's death was due to the effects of the anoxemia produced by the widespread bleeding into the lung. His gross surgical emphy-sema rather distracted us from the underlying anoxemia. We think, in this case, that the surgical emphysema neither caused much obstruction to his airway nor contributed materially to his anoxamia. This has also happened in another case (not discussed here).
After the post-mortem we felt that had we done a thoracotomy and unhitched the impaled lung we would have allowed the damaged lung to collapse and probably saved a good deal of the subsequent intrapulmonary bleeding. Also we would have arrested the surgical emphysema.
Case 2 A man aged 40 was admitted to hospital after receiving an accidental blow, at work, by a beam falling across the upper left chest. On admission he complained of severe pain in the upper left chest and there was marked tenderness over the left scapula with slight surgical emphysema in this region.
X-rays showed a fracture of the left scapula and possibly a fracture of the neck of the 2nd rib. There was no pneumothorax. He, too, was treated conservatively at first but the surgical emphysema spread to involve the chest wall and the head and neck. Five days later a radiograph showed the same progressive clouding of the lung. His condition was deteriorating a little and the surgical emphysema was further increasing. We remembered the previous case in which the essential pathological lesion appeared to be the capture of the lung in the fracture line of the rib. We decided to explore the chest. A moderate amount of heavily blood-stained fluid was found in the pleural cavity. At the apex of the upper lobe there were a number of small bulke, one of which was leaking air. There were no pleural adhesions. The posterior end of the 2nd rib was fractured and the small spicule of bone had penetrated the parietal pleura and, we presumed, had produced the small tear in the lung from which the air was leaking. The leak was closed, the bony fragment removed, and the lung re-expanded satisfactorily. The post-operative course was uneventful.
The features of importance in these cases seemed to us to be the following:
(1) Both patients had fractured ribs, in one case multiple and in the other, single. But in each case only one rib had perforated the parietal pleura and it produced a minor laceration of the lung adjacent to it.
(2) The rib, in snapping open and then springing back again, had captured a small piece of lung and this had two effects: (a) the air could escape into the parietal tissues, and (b) a pneumothorax was prevented from forming. Therefore the lung did not collapse.
(3) Progressive surgical emphysema of the thoracic wall occurred over several days and reached alarming and even dangerous proportions. (4) Thoracotomy, with unhitching of the lung and establishment of under-water drainage, seemed to cure the second patient.
It is possible that this phenomenon of crack capture of the lung by a fractured rib is not infrequently the cause of surgical emphysema which, because it spreads along the main axillary vessels and up into the neck, might be thought of as coming only from the mediastinum.
Mr Derek Richards (Newport, Mon.) emphasized that from his experience at the Royal Gwent Hospital, Newport, often patients with non-penetrating injuries of the chest or abdomen presented with other injuries, such as of the limbs and face, which were more obtrusive than the visceral injuries, and that this might therefore lead to the vital injuries being overlooked. He also urged that the question of who was primarily responsible for a patient with multiple injuries should always be clear, since a patient cannot be treated by a committee.
Mr W R Probert (Penarth, Glam.) described a case to show that the early use of intermittent positive pressure respiration after chest injury did not give unlimited time to review the clinical situation.
He also stressed the frequency of serious and often unsuspected injuries of the heart and great vessels after closed chest injury. Hvmatoma of the inter-ventricular septum is important both as a possible cause of heart block and, through later necrosis, of traumatic ventricular septal defect. Though most injuries of this type cause immediate death, there are intermediate degrees of injury in which operative treatment may help.
Mr R V Cooke (Bristol) referred to lessons learned from a survey he had made of abdominal injuries admitted to the Bristol Royal Hospital over a period of twenty years. Resuscitation was persisted with too long, and operative treatment undertaken too late. Resuscitation can be started at once, and if need be continued during and after laparotomy. In this series, as in others, there was a tendency to operate only when the indications were irrefutable, instead of exploring when the signs, though meagre, were sufficient to arouse suspicion of an intra-abdominal injury. Another lesson was the frequency of multiple injuries. It was easy to remove the ruptured spleen, but miss the rent in the liver, or a mesenteric tear depriving gut of its blood supply. Simple packing of a liver injury had proved to be uniformly unsuccessful in this series.
Prevention is always better than cure, however skilful or heroic. There was much to be said for revising motor car design, and the speaker was surprised that no one had mentioned the modern safety belt. Our American colleagues had proved its life-saving value.
